It has become widely recognized in the field of mechanobiology that cell behavior is regulated by physical parameters of the niche, including its stiffness. While critical observations have been made regarding the molecular details of this regulation, e.g. translocation of YAP/TAZ, the proteins or complexes that actually convert biophysical to biochemical signals that the cell can interpret remain uncertain. Here we have developed an assay that enables one to predict which proteins could be mechanically sensitive by determining their effect on stem cell differentiation (although other metrics could be substituted). We then identify several focal adhesion mechanosensors and validate them using conventional molecular biology methods. candidate proteins showed novel effects on both osteogenic and myogenic differentiation; 32
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Introduction 41
Although physical properties of the niche have become widely recognized for their 42 influence on a host of cell behaviors 1-3 , significant attention has been paid to the 43 influence of extracellular matrix (ECM) stiffness on stem cells [4] [5] [6] . While initially 44 reported to be myosin contractility sensitive 7 , their upstream mechanisms have remained 45 unclear. Recently, however, mechanisms have been proposed involving the nucleus 8 , 46
translocation of factors to the nucleus 9 , Rho GTPases 10 , stretch activated channels 11 , 47 and focal adhesions, i.e. "molecular strain gauges"
12 . While numerous mechanisms may 48 overlap, it is clear from these examples that many sensors within each category are still 49 undetermined. 50 51 High throughput systems 13 to assess mechano-signaling have yet to play as significant a 52 role as they have in other biomedical and engineering contexts, e.g. biomaterial 53 microarrays to explore niche conditions 14, 15 and microcontact printing to explore the 54 influence of cell shape 16 ; this may be due to fabrication limitations with small volume 55 hydrogels, imaging limitations with thick hydrogels at high magnification, and biological 56 limitations with high throughput molecular screening in stem cells. For example, 57 hydrogels are often fabricated in larger 6-and 24-well formats 7, 17, 18 and have been used 58 to investigate how a variety of niche properties influence cells 19 . Creating 59 physiologically relevant substrates in small volumes to elicit appropriate cell behaviors is 60 challenging but not unprecedented 20 ; ensuring that the imaging plane is flat in such small 61 wells, however, has proven difficult and has limited high resolution imaging required for 62 many stem cell applications. Several groups have pursued high throughput imaging of 63 hydrogels of 11 and 34 kilopascal (kPa; a unit of stiffness). Approximately 50 µL of the 110 mixed solution was placed between 25 mm diameter aminosilanized coverslips and a 111 chlorosilanized glass slide for 6-well plates. 100 µg/mL collagen I was chemically 112 crosslinked to the substrates using the photoactivatable crosslinker Sulfo-SANPAH 113 (Pierce). Custom 96 well plates containing collagen type I-conjugated polyacrylamide 114 hydrogels crosslinked to glass bottom surfaces (Matrigen) were fabricated containing 115 equal numbers of 15 kPa wells and 42 kPa hydrogels to induce myogenesis and 116 osteogenesis, respectively ( Figure S1A ). Stiffness values were verified using an MFP3D-117
Bio atomic force microscope (Asylum Research, Santa Barbara, CA) using previously 118 established methods ( Figure S1B ) 29, 30 . Polyacrylamide gel thickness was also verified 119 using a BD CARV II confocal microscope ( Figure S1C,D 
Western Blots 178
Cell lysates were collected by rinsing samples with cold PBS, followed by a five minute 179 lysis in mRIPA buffer (50 mM HEPES pH 7.5, 150 mM NaCl, 1.5 mM MgCl2, 1% 180
Triton, 1% Na-DOC, 0.1% SDS) with 1 mM EGTA, 1 mM Na3VO4, 10 mM Na4P2O7, 181 
MAPK1 Binding is Frequent and Cryptic 222
We selected 47 focal adhesion proteins 35,36 (Supplemental Table 3 ) based on their ability 223 to bind multiple proteins at their N-and C-terminal ends such that they could potentially 224 be unfolded when one end of the protein is displaced relative to the other, i.e. a 225 "molecular strain sensor" 12 . These candidates were analyzed with ScanSite 37 , a tool 226 designed to identify short protein sequence binding motifs and predict whether the motif 227 is surface accessible. After analyzing all 47 proteins, a scatter plot showing the number 228 of times a predicted binding site was found versus the average accessibility of the 229 identified sites was constructed ( Figure 1A , Supplemental Table 3 ). Interestingly, 230 predicted MAPK1 binding sites were found most frequently and with the second-lowest 231 average accessibility, implying that MAPK1 is the most likely candidate to affect stem 232 cell differentiation across a wide variety of cellular pathways in a manner that requires a 233 change in surface accessibility of the MAPK1 binding site. 234
235

MAPK1 Inhibition Prevents Mechanosensitive Stem Cell Myogenesis and Osteogenesis 236
To analyze the effect of MAPK1 inhibition on substrate stiffness-directed hMSC 237 differentiation, MAPK1 was inhibited with pyrazolylpyrrole, an extremely potent and 238 selective MAPK1 inhibitor 38 , immediately post plating in order to limit any early 239 mechanosensing events, which can occur on the time scale of minutes 39 . Consistent with 240 previous results 17 , we found that hMSCs exhibited a 50% reduction in nuclear-localized 241 myogenic transcription factors MyoD and Myf5 after 4 days in culture ( Figure 1B so Myf5 reduction may be due to other predicted cryptic binding domains that it contains, 294 e.g. MAPK3; no osteogenic expression was found in these cells (data not shown). Thus, 295
we concluded that Vinculin could act as a unique stiffness-mediated sensor for myogenic 296 differentiation, consistent with prior reports 17 . 297
298
If knockdown of the candidate focal adhesion proteins disrupts not just mechanosensitive 299 signaling but also other normal cell behaviors, stiffness-mediated differentiation 300 differences may not solely be related to signaling. High content image analysis was 301 performed with CellProfiler to measure cell area and morphology, i.e. eccentricity, of 302 cells from all conditions. Neither area nor morphology was altered by any of the siRNA 303 treatments ( Figure S4A-B) . Cell migration speed was also unaffected by siRNA 304 knockdown, although SORBS3 knockdown appeared to increase migration persistence 305 ( Figure S4C ). Perhaps most importantly, focal adhesion assembly in terms of size and 306 distribution appeared unaffected in single knockdown experiments; outside of the 307 expected loss of expression of the proteins being knocked down, no changes were 308 observed in these focal adhesion characteristics ( Figure S4D ). Differentiation changes 309 could also be due to off-target effects of the siRNA on MAPK1 expression, thus 310 depleting the endogenous pool of the sensor's binding partner and inadvertently 311 preventing differentiation. However, MAPK1 western blots indicated that knockdown did 312 not impact endogenous expression (Figure S5 ), reinforcing the concept that individual 313 mechanosensing proteins regulated transcription factor expression. 314
315
Validation of Candidate Mechanosensor Hits for MAPK1 Interaction 316
To verify hits directly using more targeted molecular methods, SORBS1 was 317 immunoprecipated via MAPK1. For hMSCs cultured for 24 hours on 34 kPa PA gels, 318 SORBS1 was detected in the pellet but not the unconcentrated whole cell lysate, 319 suggesting that, although expressed at low levels, SORBS1 and MAPK1 interact in cells 320 cultured on physiological-stiffness gels ( Figure 5A ). SORBS1 contains two predicted 321 binding sites for MAPK1 at L500 and L1033 ( Figure S2B 
